INTRODUCTION
============

Ulcerative colitis (UC) is an IBD, which can progress over time to extensively involve the colon and significantly affect health and related quality of life.[@B1] The disease severity may be high in up to 15% to 20% of patients, who require hospitalization and treatment with corticosteroids.[@B2] In patients who fail to respond to 3--5 days of intravenous corticosteroids and optimal supportive care, the available therapeutic options include the use of intravenous cyclosporine, anti-tumor necrosis factor-α (anti-TNF-α) agents, or total colectomy.

TNF-α is a pro-inflammatory cytokine that plays an important role in both the initiation of the disease process in IBD and in the amplification of the inflammatory cascade.[@B3] Antibodies against TNF-α have been used in novel rescue therapies for patients with moderate-to-severe acute UC. The first of these agents, infliximab, was shown to be safe and effective in randomized controlled trials in patients with severe UC and decreased the risk of colectomy at 1 year.[@B4] Adalimumab, a fully human recombinant monoclonal IgG1 antibody, which binds with high affinity to TNF-α and inhibits the binding of TNF-α with its receptor, was the 2nd biological agent to be evaluated for use in moderate-to-severe acute UC. The initial uncontrolled experience with adalimumab in UC was disappointing.[@B5] However, after the Ulcerative Colitis Long Term Remission and Maintenance with Adalimumab (ULTRA) 1 and ULTRA 2 trials established the safety and efficacy of adalimumab in moderate-to-severe UC, it was approved for use by the Food and Drug Administration in 2012.[@B6][@B7][@B8] Since these 2 randomized placebo-controlled trials, a few "real-world" studies have also reinforced the efficacy of adalimumab in moderate-to-severe active UC.[@B5][@B9][@B10][@B11][@B12][@B13][@B14][@B15][@B16]

The costs of these biological drugs are high and as the patents for these drugs have expired, interest in biosimilars has emerged. Biosimilars, according to the World Health Organization (WHO), are biotherapeutic products with similar quality, safety, and efficacy to already-licensed reference biotherapeutic products.[@B17] In developing countries, such as India, where the use of biologicals has been limited by the high costs that must be borne by patients, the introduction of biosimilars has been a welcome change. Although there have been many studies on the safety and efficacy of the infliximab biosimilar CT-P13 (Remsima, Celltrion, Incheon, Korea; Inflectra, Hospira, Lake Forest, IL, USA) in IBD, the data on the biosimilars of other drugs in IBD are sparse.[@B18][@B19][@B20][@B21][@B22][@B23] In 2014, the first adalimumab biosimilar drug, Exemptia (ZRC-3197), was commercialized by Zydus Cadila (Ahmedabad, India).[@B24] Exemptia is a fully human monoclonal IgG1 antibody produced recombinantly from Chinese hamster ovary cells. It is a 1330-residue amino acid that contains a glycoprotein with 2 copies of heavy‐chains and 2 copies of light‐chains in the heterodimeric form with a molecular weight of approximately 148 kDa.[@B25]

Here, we have reported the first "real-life" experience with the adalimumab biosimilar Exemptia in patients with moderate-to-severe active UC refractory to steroids.

METHODS
=======

1. Setting
----------

This was a retrospective observational study to evaluate the treatment outcomes of Exemptia, an adalimumab biosimilar, in patients with moderate-to-severe UC who were refractory to steroid treatment. The study was conducted between June 2015 and December 2016. The study was approved by the Institutional Review Board of Dayanand Medical College and Hospital, Ludhiana, India (IRB No. 2017-274) and performed in accordance with the principles of the Declaration of Helsinki. Written informed consents were obtained.

2. Patients
-----------

The diagnosis of UC was established by colonoscopy/flexible sigmoidoscopy and histopathology at the start of treatment. All patients with moderate-to-severe active UC, as defined by a Mayo score of 6 to 12 points (with an endoscopic subscore of ≥2), who were refractory to treatment with steroids (lack of clinical response to glucocorticoids after 5--7 days of intravenous hydrocortisone 100 mg every 8 hours) were offered biologics (infliximab/adalimumab) or biosimilars, cyclosporine, or surgery. The patients who were treated with the adalimumab biosimilar were enrolled in the present study. Patients with toxic megacolon, ulcerative proctitis, indeterminate colitis/Crohn\'s colitis, and current bacterial and viral infections (hepatitis B, hepatitis C, or human immunodeficiency virus) were excluded. *Clostridium difficile* was excluded by testing the stool samples for glutamate dehydrogenase and for *C. difficile* toxin A/B.

All patients were screened for tuberculosis with a detailed history (suggestive of disease in the patient and the history of present or past exposure to patient with tuberculosis) and physical examination and chest radiograph to exclude lesions suggestive of pulmonary tuberculosis. Latent tuberculosis was excluded by tuberculin skin testing and interferon-γ release assays (QuantiFERON TB gold). Infection with cytomegalovirus was excluded by blood tests for IgM cytomegalovirus (CMV) and/or CMV DNA and the histopathological examination of rectal biopsy (H&E stain was used to rule out owl\'s eye inclusion bodies). Patients with demyelinating diseases of the CNS and malignancies were also excluded. Female of childbearing age underwent a urine pregnancy test at screening and were advised to use contraception throughout the study period.

3. Study Design
---------------

Eligible patients received a total of 5 SC injections of Exemptia; 160 mg at week 0, 80 mg at week 2, and then 40 mg every other week from week 4 to week 8. The dose of concomitant medications, such as 5-aminosalicylate, remained constant, and the corticosteroids were tapered slowly over 2 to 3 months. After induction with Exemptia, the patients subsequently administered a maintenance dose of azathioprine.

4. Efficacy Evaluation
----------------------

The patients were evaluated at weeks 0, 2, 4, and 8. A Mayo score was determined at weeks 0 and 8. At 2 and 4 weeks, a partial Mayo score (excluding endoscopic findings) was determined. The clinical response and clinical remission were determined at week 8. A repeat colonoscopy was also performed at week 8 to assess mucosal healing. Clinical remission was defined as a total Mayo score of ≤2 points, with no individual score \>1 point. Clinical response was defined as decrease in the total Mayo score by at least 3 points or \>30% from the baseline, with a decrease in rectal bleeding score by at least 1 point and an absolute rectal bleeding score of 0 or 1. Mucosal healing was defined as an endoscopic subscore of ≤1.

5. Monitoring and Safety Evaluation
-----------------------------------

At the start of therapy, the patients were monitored daily for the number of bowel movements (day and night), the presence of blood in their stools, abdominal pain, or cramping, and vital signs (blood pressure and heart rate) were monitored every 6 hours. Complete blood count and electrolytes were checked daily, and serum albumin, ESR, and CRP were evaluated every 3rd day when the patients were at the hospital. The patients who were discharged were followed up every 2 weeks with complete blood count, ESR, CRP, and albumin. Adverse events, if any, were recorded.

6. Statistical Analysis
-----------------------

The demographic and baseline characteristics were summarized by using descriptive statistics. The treatment efficacy (clinical remission and clinical response) was assessed at week 8.

RESULTS
=======

The baseline demographics and clinical characteristics are summarized in [Table 1](#T1){ref-type="table"}. The adalimumab biosimilar Exemptia was used as a salvage therapy in a total of 29 patients with moderate-to-severe active UC who did not respond to a 5-day course of intravenous steroids. The majority of patients were male (62.1%), and the average age of the patients at presentation was 34.9±9.7 years. The average duration of the disease was 6.3±5.1 years. More than two-thirds of the patients (n=20, 68.9%) had left-sided disease, whereas 31.1% had pancolitis. Eight patients were receiving azathioprine and 1 was receiving methotrexate prior to the administration of adalimumab.

The mean Mayo score at presentation was 8.2±1.4 (range, 6--12; moderate disease \[Mayo score 6--10\], 27 patients; severe disease \[Mayo score 11--12\], 2 patients).

At week 8, clinical response was observed in 7 patients (24.1%), but clinical remission was observed only in 1 patient (3.5%) ([Fig. 1](#F1){ref-type="fig"}). Adverse events during treatment were noted in 4 patients: 2 of them developed pulmonary tuberculosis and the other 2 had tubercular pericardial effusion, 1 of whom succumbed to cardiac arrhythmias. Injection site reactions were noted in 2 patients; these were mild and managed conservatively. None of the patients exhibited leucopenia or demyelination.

As shown in [Fig. 2](#F2){ref-type="fig"}, the responders (n=8, 27.6%) were maintained on azathioprine after the initial induction treatment with Exemptia. However, a majority of patients (n=28) did not achieve clinical remission. Among the 21 patients who did not respond, 4 required colectomy (2 required colectomy after 2 doses of adalimumab). There was 1 death, and 1 patient was lost to follow-up. Fecal microbiota transplantation was offered to 10 of the remaining non-responders. Other pharmacological salvage measures included infliximab (n=3), cyclosporine (n=1), and tacrolimus (n=1).

DISCUSSION
==========

The adalimumab biosimilar Exemptia displayed a limited efficacy for the induction of remission in our patients with moderate-to-severe active UC. Despite an initial clinical response in 7 patients (24.1%), only 1 patient (3.5%) achieved clinical remission. Four patients (13.8%) required colectomy and 4 developed tuberculosis; 1 of whom succumbed to a cardiac ailment.

Adalimumab has been approved worldwide for the treatment of moderate-to-severe active UC. The safety and efficacy of adalimumab for use in moderate-to-severe active UC was first established by 2 multicenter, double-blind, randomized placebo-controlled trials---ULTRA 1 and ULTRA 2.[@B6][@B7] The ULTRA1 trial included infliximab-naïve patients, and clinical remission was noted in 18.5% of patients who were administered adalimumab 160 mg at week 0, 80 mg at week 2, and 40 mg at weeks 4 and 6, which was twice as high as that in the placebo group (9.2%). Clinical response and an improvement in Mayo subscore were also observed in a higher proportion of patients administered adalimumab. The ULTRA2 trial included patients who had previously received infliximab in the past. At week 8, a significantly higher number of the 248 patients administered adalimumab (160 mg at week 0, 80 mg at week 2, and then 40 mg every other week beginning at week 4) showed clinical remission (16.5% vs. 9.3% on placebo, *P* =0.019) and clinical response (50.4% vs. 34.6% on placebo, *P* \<0.001). However, in the subgroup analysis, adalimumab was effective only in patients who were naïve to anti-TNF-α therapy. Several real-world experiences of adalimumab have subsequently reinforced the safety and efficacy of adalimumab in UC, especially in patients with intolerance or loss of response to infliximab ([Table 2](#T2){ref-type="table"}).[@B5][@B9][@B10][@B11][@B12][@B13][@B14][@B15][@B16] At present, to the best of our knowledge, no real-world experience of Exemptia have been reported.

In contrast with these randomized controlled trials and real-world data of adalimumab, Exemptia was not very efficacious for the management of steroid-resistant moderate-to-severe UC in our patients ([Table 2](#T2){ref-type="table"}). In comparison with studies from the West, in which mucosal healing was achieved in more than 40% of the patients, the rate of mucosal healing (3.5%) in our study was poor.[@B7] A possible explanation for this was that the Exemptia dose used was the same as that of adalimumab in the ULTRA 1 trial, which was subsequently based on the effective doses in CD.[@B6] In the subgroup analysis of the ULTRA 1 trial, patients with elevated CRP were found to have lower rates of clinical remission. As our patients had a higher inflammatory burden, as evidenced by the very high CRP values (range, 48--266 with median 96 mg/dL), a higher dose of Exemptia may have beenbeneficial in such patients.

As the design and characteristics of our study population may differ from those in the Western world, we compared the results of our experiences with cyclosporine A and infliximab as salvage therapies in patients with acute severe UC ([Table 3](#T3){ref-type="table"}), and found lower response rates to Exemptia than to therapies.[@B26][@B27]

In addition to a lower efficacy, a larger number of clinically significant side effects were observed in our cohort of patients than inpatients of Western studies. Four patients (13.8%) developed tuberculosis, which was extrapulmonary in 2 cases, and 1 patient succumbed to tubercular pericardial effusion. In developing countries such as India, where 40% of the population is exposed to tuberculosis (a majority of whom have latent tuberculosis), biologicals and biosimilars should be prescribed with caution, and screening for latent tuberculosis must be conducted before the start of treatment.[@B28]

Our study has a few limitations: the number of patients treated with Exemptia was small, and, owing to financial limitations, Exemptia was used only for the induction of remission and not for maintenance. Adalimumab is not available in India; hence, the efficacy of Exemptia was compared with the data on adalimumab from other countries.

In conclusion, the adalimumab biosimilar Exemptia has limited efficacy when used for induction of remission in moderate-to-severe steroid-refractory UC. However, large, multicenter trials that include all patients with active UC are required to allow a discussion of the role of Exemptia in the overall medical management of UC.
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###### Baseline Demographics and Clinical Characteristics (n=29)
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Values are presented as number (%).

###### Real-Life Experiences with Adalimumab and Its Biosimilar in UC
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###### Comparison between Other Salvage Therapies and Exemptia in Steroid-Refractory UC from Dayanand Medical College & Hospital
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